Abstract Coffee is one of the most consumed beverages in the world and is the second largest traded commodity after petroleum. Due to the great demand of this product, large amounts of residues are generated in the coffee industry, which are toxic and represent serious environmental problems. Coffee silverskin and spent coffee grounds are the main coffee industry residues, obtained during the beans roasting, and the process to prepare "instant coffee", respectively. Recently, some attempts have been made to use these residues for energy or value-added compounds production, as strategies to reduce their toxicity levels, while adding value to them. The present article provides an overview regarding coffee and its main industrial residues. In a first part, the composition of beans and their processing, as well as data about the coffee world production and exportation, are presented. In the sequence, the characteristics, chemical composition, and application of the main coffee industry residues are reviewed. Based on these data, it was concluded that coffee may be considered as one of the most valuable primary products in world trade, crucial to the economies and politics of many developing countries since its cultivation, processing, trading, transportation, and marketing provide employment for millions of people. As a consequence of this big market, the reuse of the main coffee industry residues is of large importance from environmental and economical viewpoints.
arrived to the north of Brazil. Then, the secret of the Arabs was spread by the entire world (Taunay 1939) .
The coffee tree or shrub belongs to the family Rubiaceae. Coffee beans are produced from the plant Coffea L., of which there are more than 70 species. However, only two of these species are commercially explored worldwide: Coffea arabica (Arabica), considered as the noblest of all coffee plants and providing 75% of world's production; and Coffea canephora (Robusta), considered to be more acid but more resistant to plagues, and provides 25% of world's production (Belitz et al. 2009; Etienne 2005) . C. arabica is a bush originally from Ethiopia and develops well in high altitudes (600-2,000 m), while C. canephora plantations adapt well in altitudes below 600 m (Comité Français du Café 1997) .
Coffee Beans Processing
Coffee cherries are the raw fruit of the coffee plant, which are composed of two coffee beans covered by a thin parchment like hull and further surrounded by pulp (Fig. 1 ). These cherries are usually harvested after 5 years of coffee trees plantation and when the bear fruit turns red (Arya and Rao 2007) . The processing of coffee initiates with the conversion of coffee cherries into green coffee beans, and starts with the removal of both the pulp and hull using either a wet or dry method. Depending on the method of coffee cherries processing, i.e., wet or dry process, the solid residues obtained have different terminologies: pulp or husk, respectively (Pandey et al. 2000) . The dry method, commonly used for Robusta, is technologically simpler comparing with the wet method, which is generally used for Arabica coffee beans. In wet coffee process, the pulp and hull are removed while the cherry is still fresh. This process involves several stages that comprise considerable amounts of water and also includes a microbial fermentation step in order to remove any mucilage still attached to the beans. The production of microbial volatile compounds during fermentation results in coffee with richer aroma quality (Gonzalez-Rios et al. 2007a, b) . The quality evaluation of green coffee is based on odor and taste tests, as well as on the size, shape, color, hardness, and presence of defects (Feria-Morales 2002) .
The roasting of coffee beans is another very important step in coffee processing, since specific organoleptic properties (flavors, aromas, and color) are developed and affect the quality of the coffee and the excellence of the coffee beverage, as a consequence (Hernández et al. 2008; Franca et al. 2005; Fujioka and Shibamoto 2008) . This process is time-temperature dependent and leads to several changes in the chemical composition and biological activities of coffee as a result of the transformation of naturally occurring polyphenolic constituents into a complex mixture of Maillard reaction products (Czerny et al. 1999; Sacchetti et al. 2009 ), as well as the formation of organic compounds resulting from pyrolysis (Daglia et al. 2000) . Sulfur compounds are also changed by oxidation, thermal degradation, and/or hydrolysis (Kumazawa and Masuda 2003) , and the vanillin content increases considerably during the roasting process (Czerny and Grosch 2000) . Besides the chemical reactions during coffee roasting, moisture loss and other major changes (color, volume, mass, form, pH, density, and volatile components) occur, while CO 2 is generated (Hernández et al. 2008) . Therefore, coffee roasting is a quite complex process considering the importance of the heat transferred to the bean (Franca et al. 2009a) . After the roasting process, coffee beans should be rapidly cooled in order to stop exothermic reactions and to prevent excessive roast, which might jeopardize the product quality (Baggenstoss et al. 2007; Dutra et al. 2001 ). Subsequently, the roasted beans are ground, usually by multi-stage grinders. Some roasted beans are packaged and shipped as whole beans. Finally, the ground coffee is vacuum sealed and shipped.
If the objective is producing instant coffee, an additional step of extraction follows the roasting and grinding operations. The soluble solids and volatile compounds that provide aroma and flavor are extracted from the coffee beans using water. Water heated to about 175°C under pressurized conditions (to maintain the water as liquid) is used to extract all of the necessary solubles from the coffee beans. Manufacturers use both batch and continuous extractors. Following extraction, evaporation or freeze concentration is used to increase the solubles concentration of the extract (EPA 2010). The concentrated extracts are then dried; freeze drying and spray drying being the most frequently used methods to produce instant coffee. In the freeze-drying method, the concen-
Bean Silverskin Fig. 1 Longitudinal cross-section of the coffee cherry trated coffee extract is initially frozen and then milled. Next, the frozen granules are sifted before drying to ensure uniform sizes. In this process, few changes in aroma are caused by heating and oxidation since the moisture is sublimed in a vacuum chamber. When spraydrying method is used, concentrated coffee extract is atomized in a drying chamber from which the water is removed due to the contact with air at temperatures between 200 and 300°C. This technique allows largescale production and provides products with low density and good flowability. Sensory evaluations of different commercial instant coffee revealed that the quality attribute is associated with the beans, storage time, fermentation process, roasting, extraction of the soluble solids, and the packaging material (Oliveira et al. 2009 ).
Chemical Composition of Coffee Beans
Caffeine is the most known component of coffee beans. In raw Arabica coffee, caffeine can be found in values varying between 0.8% and 1.4% (w/w), while for the Robusta variety these values vary between 1.7% and 4.0% (w/w) (Belitz et al. 2009 ). However, coffee bean is constituted by several other components, including cellulose, minerals, sugars, lipids, tannin, and polyphenols. Minerals include potassium, magnesium, calcium, sodium, iron, manganese, rubidium, zinc, copper, strontium, chromium, vanadium, barium, nickel, cobalt, lead, molybdenum, titanium, and cadmium. Among the sugars, sucrose, glucose, fructose, arabinose, galactose, and mannose are present. Several amino acids such as alanine, arginine, asparagine, cysteine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine, and valine can also be found in these beans (Belitz et al. 2009; Grembecka et al. 2007; Santos and Oliveira 2001) . Additionally, coffee beans contain vitamin of complex B, the niacin (vitamin B3 and PP), and chlorogenic acid in proportions that may vary from 7% to 12%, three to five times more than the caffeine (Belitz et al. 2009; Lima 2003; Trugo 2003; Trugo and Macrae 1984) . proteins, sugars, chlorogenic acid, trigonelline, and fat may be preserved or even destroyed and transformed into reactive products during the coffee roasting process (Ginz et al. 2000; Lima 2003; Rawel and Kulling 2007; Trugo 2003; Trugo and Macrae 1984) .
Coffee Beans Brewing
"Coffee" is the designation of the drink prepared by extraction, in boiling water, of the soluble material from roasted coffee grounds. There are many different coffee brewing methods in the world. Coffee beverage can be prepared, for example, by filtration-percolation method, where ground coffee is placed on a specific support grid (filter paper, muslin, perforated plastic filter, sintered glass, etc.) and the coffee is extracted by dripping or spraying with hot water, i.e., by slow gravity percolation. This procedure is generally used in most coffee machines. In an Espresso machine, used to produce the traditional Italian coffee beverage called Espresso, coffee is extracted using superheated water (90±5°C), and filtration is accelerated by steam at a pressure of 7-9 bar for a short time (30±5 s) (Petracco 2001 ). An exceptionally strong beverage is usually turbid, and is prepared with freshly ground and darkly roasted coffee. In this process, the water should not exceed 90-95°C so that the volatile substances are retained in the coffee beverage (Belitz et al. 2009; Navarini and Rivetti 2010) . The most popular coffee brew preparation is by filter, but during the past few decades the consumption of espresso coffee has increased. Moreover, in southern European countries such as Italy and Spain, the use of the mocha coffeemaker is much extended at the domestic level, and the plunger coffeemaker is being used more often for coffee aroma lovers (Pérez-Martínez et al. 2010) . In each case, the technical conditions applied, such as the coffee/water ratio, water temperature and pressure, the volume of coffee prepared, and the home and store grinding, contribute to the different chemical compositions of coffee brews (Andueza et al. 2002 (Andueza et al. , 2003 (Andueza et al. , 2007 Bell et al. 1996; Franková et al. 2009; Navarini et al. 2009; Parras et al. 2007; Ratnayake et al. 1993) . For example, the mocha coffeemaker was found to present the highest yield in coffee antioxidant extraction per gram of ground roasted coffee when compared with coffee brews prepared by filter, plunger, or espresso, but espresso coffee was the richest in terms of antioxidant intake (per milliliter of coffee brew) followed by mocha, plunger, and filter (Pérez-Martínez et al. 2010) . Filtered coffee brews were reported as containing less than 7 mg of lipids, whereas those prepared by boiling without filtering and espresso coffee may reach up to 160 mg of lipids per cup (Ratnayake et al. 1993) . The caffeine content in the coffee drink also vary according to the used brewing procedure, being observed a considerable increase on caffeine yields when higher amounts of coffee grounds and volumes of coffee prepared are used. Depending on the length of coffee boiling time, similar or higher caffeine contents can be found when comparing with filtered coffee (Bell et al. 1996) .
The water quality plays also a crucial role in coffee brewing, being considered as the second most important ingredient for coffee brewing. Water with an altered composition, such as some mineral spring waters, excessively hard water, and chlorinated water, might reduce the quality of the coffee brews (Belitz et al. 2009; Navarini and Rivetti 2010) . Besides water, the pH of brewed coffee is another factor with great influence on the flavor characteristics of the coffee beverage. For pH value lower than 4.9, coffee brews presents a sour taste, and higher than 5.2 it is flat and bitter. Therefore, the pH value using mild roasted coffee (42.5 g/l) should be 4.9-5.2. Coffees of different origins provide extracts with different pHs, and, generally, the pHs of Robusta varieties are higher than those of Arabica varieties. The difference between the aroma qualities of the coffee beverage is due to more intensive phenolic, buttery, caramel-like, and weaker roasty notes, which are caused by shifts in the concentrations of the aroma substances during brewing (Bell et al. 1996) .
Coffee World Production and Exportation
World coffee production has grown more than 100% from 1950 to 1960, and there was a prediction to grow more 0.5-1.9% by 2010 (Fujioka and Shibamoto 2008) . Coffee is nowadays produced in a large number of countries worldwide. Nevertheless, the ten largest coffeeproducing countries are responsible for approximately 80% of the world production. Of this percentage, South America participates with around 43%, Asia with 24%, Central America 18%, and Africa with 16%. Brazil, Vietnam, Colombia, and Indonesia are respectively the first, second, and third largest world producers, responsible for more than half of the world supply of coffee (Table 2) Table 2) .
The world consumption of coffee in 2007, estimated by the International Coffee Organization, has been around 124,636 million bags of 60 kg, representing an increase of 2.88% regarding the 121,150 million sacks consumed in 2006 (ICO 2010) . Despite the financial crisis, the world consumption of coffee in 2008 was around 128 million bags. According to ICO, the consumption of coffee was not affected by the crisis. The consumers will not stop drinking coffee, but instead of drinking high quality coffee, people will start to take coffee of middle quality.
Regarding the exportation, the quantity of coffee exported has been on average at 90.0 million bags of 60 kg per year, with Brazil leading exportations with a share of 28% of this market (Table 3) .
Residues Generated in the Coffee Industry
The generation of residues and by-products is inherent in any productive sector. The agro-industrial and the food sectors produce large quantities of waste, both liquid and solid. Coffee is the second largest traded commodity in the world, after petroleum, and therefore, the coffee industry is responsible for the generation of large amount of residues (Nabais et al. 2008 ). In the last decade, the use of such wastes has been subject of several studies, but this concern did not exist in past decades (1930 to 1943) when 77 million bags of green coffee were simply burned and released to the sea and in landfills (Cunha 1992) . However, this is an important topic explored nowadays. Coffee silverskin (CS) and spent coffee grounds (SCG) (Fig. 2) are the main coffee industry residues. CS is a tegument of coffee beans obtained as a by-product of the roasting process. It is a residue with high concentration of soluble dietary fiber (86% of total dietary fiber) (Table 4) and high antioxidant capacity, probably due to the concentration of phenolic compounds in coffee beans, as well as to the presence of other compounds formed by the Maillard reaction during the roasting process, such as melanoidins (Borrelli et al. 2004 ). Microscopic examination (Fig. 2b) shows the presence of fibrous tissues from the surface layers of the CS. The main components of these fibrous tissues are cellulose and hemicellulose. Glucose, xylose, galactose, mannose, and arabinose are the monosaccharides present in CS; glucose being found in major amounts. Proteins and extractives are also fractions present in significant amounts in this coffee waste (Table 4) .
SCG is a residue with fine particle size (see Fig. 2d , which is 50-fold magnified), high humidity (in the range of 80% to 85%), organic load, and acidity, obtained during the treatment of raw coffee powder with hot water or steam for the instant coffee preparation. Almost 50% of the worldwide coffee production is processed for soluble coffee preparation (Ramalakshmi et al. 2009 ). Therefore, SCG is generated in large amounts, with a worldwide annual generation of 6 million tons (Tokimoto et al. 2005) . Numerically, 1 ton of green coffee generates about 650 kg of SCG, and about 2 kg of wet SCG are obtained to each 1 kg of soluble coffee produced (Pfluger 1975) .
Chemical composition of this residue is shown in Table 4 . It can be noted that SCG are richer in sugars than CS, among of which mannose and galactose are the most abundant. Proteins constitute also a significant fraction in SCG (Mussatto et al. 2011 ).
Coffee Industry Residues Applications
Nowadays, there is great political and social pressure to reduce the pollution arising from industrial activities. Almost all developed and underdeveloped countries are trying to adapt to this reality by modifying their processes so that their residues can be recycled. Consequently, most large companies no longer consider residues as waste, but as a raw material for other processes (Mussatto et al. 2006) .
Due to the presence of organic material, CS and SCG are highly pollutant residues, and demand great quantities of oxygen to degrade (Silva et al. 1998 ). In addition, caffeine, tannins, and polyphenols present in these materials confer a toxic nature to them. Therefore, CS and SCG represent a pollution hazard if discharged into the environment. Despite this negative characteristic and the large amounts that they are generated, there are few studies focusing on their use in different and profitable applications. Besides to add value to these unused materials, finding alternative forms to use them would be useful to decrease their impact to the environment. Among the studies up till now performed with these coffee industry wastes, most of them were focused on the use of SCG. However, the chemical composition data (Table 4) suggest that both residues can be of value as raw material for other processes. Some possible applications already evaluated for the CS and SCG use are described below.
Coffee Silverskin (CS)
In some countries, CS is used as combustible (Saenger et al. 2001) as alternative for its elimination. However, the published data about CS use are scarce. In a biotechnological perspective, Machado (2009) recently evaluated the ability of seven different fungal strains from the genus Aspergillus, Mucor, Penicillium, and Neurospora to grow and release phenolic compounds from CS under solid-state cultivation conditions, aiming the biological detoxification of this residue. According to this author, Penicillium purpurogenum, Aspergillus niger AA20, Neurospora crassa, and Mucor released high amounts of phenolic compounds (between 2.28 and 1.92 g/l) from the material structure and could be used for biological detoxification of this material, which would be beneficial for their subsequent disposal to the environment.
Regarding the CS use for obtaining value-added compounds, some authors have showed that this coffee residue has antioxidant capacity, and could be considered as a new potential functional ingredient (Borrelli et al. 2004 ). Murthy et al. (2009) reported the production of α-amylase by Neurospora crassa CFR 308 cultivated under solid-state conditions over CS. Mussatto et al. (unpublished results) established the best diluted acid hydrolysis conditions to release the hemicellulose sugars (xylose, arabinose, galactose, and mannose) from CS. Under this condition, a hydrolysate containing about 20 g/l total sugars was obtained, which could be used as substrate in fermentative processes, for example. In this same study, it was verified that Saccharomyces cerevisiae, Pichia stipitis, and Kluyveromyces fragilis yeasts were able to grow when cultivated in CS hydrolysate, attaining biomass concentrations of 5.9, 8.5, and 9.8 g/l, respectively, after 48 h of cultivation.
In a recent study, CS was proved to be an excellent material for use as support and nutrient source during fructooligosaccharides and β-furctofuranosidase production by Aspergillus japonicus under solid-state fermentation conditions. This process was considered an interesting and promising strategy to synthesize both products at the industrial level (Mussatto and Teixeira 2010) .
Spent Coffee Grounds (SCG)
Although the toxic character and presence of organic matter in SCG, the discharge of this residue to the environment and sanitary landfill are disposal forms still performed nowadays, but that avoided. A biological treatment of this material with fungal strains from the genus Penicillium, Neurospora, and Mucor could be an interesting alternative to be performed previous the material elimination to the environment since these fungi are able to release phenolic compounds from the SCG structure, decreasing their toxicity (Machado 2009 ).
In some cases, SCG is used as fuel in industrial boilers of the same industry due to its high calorific power of approximately 5,000 kcal/kg, which is comparable with other agro-industrial residues (Silva et al. 1998) . However, attention must be paid to the generation of particulate matter, which may affect the air quality near the industry (ABNT 1987) . The possibility of SCG use as animal feed for ruminants, pigs, chickens, and rabbits (Claude 1979; Givens and Barber 1986) have already been also verified, but the high lignin content (≈25%) in this material was considered a limiting factor for its application (Cruz 1983) .
More valuable alternatives for SCG use have been recently evaluated. In a study developed by Kondamudi et al. (2008), it was demonstrated that SCG can be used as a potential source to produce biodiesel and fuel pellets, among other value-added products, such as H 2 and ethanol (Fig. 3) . SCG contain approximately 15% oil that can be converted into similar amounts of biodiesel by transesterification processes. The remaining solid waste can be used to produce ethanol (Sendzikiene et al. 2004) and fuel pellets (Kondamudi et al. 2008) . In this sense, the feasibility of using supercritical fluid extraction processes to obtain the lipid fraction from SCG has also been evaluated (Couto et al. 2009 ). Determination of the bioactivity (Ramalakshmi et al. 2009 ), amino acids (Lago and Antoniassi 2001) , sugars (Mussatto et al. 2011) , and oil contents (Freitas et al. 2000; Kondamudi et al. 2008) in SCG have also been performed aiming to find alternatives for the reuse of this residue. Nevertheless, few works have been developed in the area of fermentation technology using SCG as substrate. Leifa et al. (2001) investigated the production of Flammulina velutipes on SCG and verified that it is possible to use this residue as substrate without any nutritional supplementation for cultivation of edible fungus under solid-state fermentation conditions. SCG probably favored the growth of this fungus strain due to its high protein and moisture contents, which are factors that affect the microorganisms' development (Townsley 1979; Wang et al. 2001) . Recently, Murthy and Naidu (2010a) evaluated the efficiency of several coffee by-products as sole carbon source, among them SCG from both Arabica and Robusta varieties as sole, for the production of xylanase from Penicillium sp. Despite the low xylanase production using SCG, it was proved to be a good substrate to support fungal growth. Machado (2009) reused SCG as raw material for ethanol production. SCG was subjected to an acid hydrolysis process and the obtained hydrolysate was used as fermentation medium by Saccharomyces cerevisiae yeast, being achieved ethanol production results of 50.1% efficiency. Sampaio (2010) successfully used SCG for the production of a distilled beverage. The novel spirit then produced presented characteristics (flavor and presence of volatile compounds) and organoleptic properties acceptable and different when compared to the spirits commercially found. SCG has also demonstrated to be an inexpensive and easily available adsorbent for the removal of cationic dyes in wastewater treatments (Franca et al. 2009b ).
Proposed Utilization of Coffee Industrial Residues
Chemical composition of CS and SCG, based on cellulose, hemicellulose, and protein, opens up possibilities for application of these residues in the production of different value-added compounds. Cellulose, for example, is a linear homopolymer of repeated glucose units extensively used for the pulp and paper production. Besides this potential application, cellulose can be converted to sugars such as polysaccharides, oligosaccharides, and monosaccharides by different treatment processes using acids or enzymes as catalysts (Mussatto et al. 2008a; Rinaldi and Schüth 2009) . The conversion of cellulose to glucose is the first step in the large-scale chemical utilization of cellulose since this sugar may be subsequently converted to several products of interest such as ethanol (Mesa et al. 2010; Shen and Agblevor 2010) , butanol (Qureshi and Ezeji 2008) , hydrogen (Pan et al. 2010; Ren et al. 2009 ), organic acids (Mussatto et al. 2008b; Zhuang et al. 2001) , glycerol (Taherzadeh et al. 2002) , and hydroxymethylfurfural (Huang et al. 2010) , among others.
Hemicelluloses are heteropolymers constituted by 5-carbon sugars such as xylose and arabinose, and 6-carbon sugars including mannose, galactose, and others. As well as glucose can be released from cellulose, these pentose and hexose sugars may also be released from the hemicellulose structure by means of some chemical or enzymatic pretreatment (Mussatto and Roberto 2004) . Xylose and arabinose can be converted to furfural, or polyols like xylitol or arabitol (Mussatto and Roberto 2005; Saha and Bothast 1996) . Furfural once served as the raw material for nylon until displaced by butadiene, a chemical currently derived from petroleum (Wang and Huffman 1981) . Xylose can also be used for the production of ethanol (Silva et al. 2010) as well as mannose and other hexose sugars (Jorgensen et al. 2010; Machado 2009 Fig. 3 Schematic presentation of biodiesel and fuel pellets production process from spent coffee grounds (Kondamudi et al. 2008) fermentation of these sugars (Mussatto et al. 2006) . Mannose may be used also for the production of polyols like mannitol, which has great application in the food industry (Ghoreishi and Shahrestani 2009) . Figure 4 summarizes other potential applications for cellulose and hemicellulose fractions present in CS and SCG. In addition to cellulose and hemicellulose, the protein content is also significant in CS and SCG. Therefore, and also due to the large continuous supply and relative low cost, both coffee industry residues could be considered as adjunct for human food. Other protein-rich residues like brewer's spent grain have been successfully evaluated for nutritional enrichment of food products (Miranda et al. 1994) . Incorporation of CS and SCG for the manufacture of flakes, breads, biscuits, and aperitif snacks would be an interesting alternative for application of these materials and should be also evaluated.
Besides the aforementioned applications, it is worth mentioning that the simultaneous presence of polysaccharides, proteins, and minerals makes CS and SCG substrates of high biotechnological value, which might be used, for example, as substrates or solid supports in fermentative processes, for microorganisms' cultivation, and extraction/ production of compounds with applications in the food and pharmaceutical industries. Selection of the most potential microorganisms' strains and the establishment of the best process conditions are the main challenges to efficiently convert those components into value-added products.
In fact, there are a number of feasible uses for CS and SCG, but up till now, these residues remain few explored as raw material for the recovery and/or production of valueadded compounds, as well as nutritional source for food products (Murthy and Naidu 2010b) . This is a research area with great potential to expand in the future for economical and environmental viewpoints.
Attention should also be paid to finding economical methods for drying SCG since this material in the wet form (approximately 80% moisture content) requires high cost of transportation. 
CELLULOSE

Conclusions
The importance of coffee in the world economy cannot be overstated. It is one of the most valuable primary products in world trade. Its cultivation, processing, trading, transportation, and marketing provide employment for millions of people worldwide. Coffee is crucial to the economies and politics of many developing countries; for many of the world's least developed countries, exports of coffee account for a substantial part of their foreign exchange earnings in some cases over 80%. Coffee is a traded commodity on major futures and commodity exchanges, most importantly in London and New York (ICO 2010). As a consequence of this big market, the coffee industry is responsible for the generation of large amounts of wastes, CS and SCG being the main residues generated. Finding alternatives for use of these residues is of great importance due to their toxic character, which can be harmful if disposed into the environment. Up till now, there are few reports about the use of CS and SCG as raw material for other processes. Valorization of them would be interesting from environmental and economic standpoints, because would contribute with (1) a reduction of their impact to the environment by the toxicity decrease, (2) generation of compounds of added value, and (3) creation of more jobs. Although some attempts have been made to reuse CS and SCG, further researches are necessary in order to elucidate the potential of these coffee residues in bioprocesses, mainly in the area of the fermentation technology, exploring all their possible applications. Both residues are rich in polysaccharides, proteins, and minerals, and thus are substrates of high biotechnological value. CS and SCG might represent a great alternative, for example, as substrates or solid supports in fermentative processes for the extraction/production of compounds with important applications in the food and pharmaceutical industries.
